Abstract. Gelatin is a biopolymer that can be obtained from the partial hydrolysis of collagen skin tissue of chicken leg. This study aims to utilize gelatin of chicken leg skin in combination with soy protein isolate (SPI) as raw material for edible film production. The experiment was initiated by extracting gelatin and edible film was prepared by mixtures of SPI in ethanol solution and gelatin solution (containing 1% chitosan, w/v) with different weight ratio for SPI : gelatin (1:1, 1:2, 1:3, 1:4, and 1:5) then heated at 70 °C for 45 min and added 10% glycerol. Furthermore printed and dried in oven for 24 h at 60 o C. The yield of preparation of gelatin from chicken leg skin was obtained about 40.3%. Higher concentration of gelatin in solution gives a transparent color and smooth surface of edible film. Base on mechanical properties analysis, the composition of 1:3 has the best result of tensile strength and elongation at break about 4.80 MPa and 113.37%, respectively. The antibacterial activity test showed low antibacterial activity with a 0.3 cm inhibit zone.
Introduction
The skin of chicken leg is composed of a dense connective tissue rich in collagen. The utilization of collagen particles by hydrolysis will produce gelatin [1, 2] . Gelatin is widely used as a stabilizer, gelling agent, binder, thickeners, emulsifiers, adhesives and edible food wrappers [3] . Gelatin in Indonesia is imported from Europe and America, the utilization of gelatin application in the field of food about 60%, it mean the production of gelatin will be increased in line with increasing of population. The production of gelatin is commonly from cows by 33% and 27% gelatin derived from pigs [4] , so that gelatin is potential alternative material to be developed which is made from chicken leg skin, considering chicken production in Indonesia is abundant. Gelatin is material which can be reversibly changed from the sol form to the gel, swells or expands in cold water and is capable of forming a film [5] . Commonly, gelatin is used as raw material for edible film for food packaging. In addition, the chicken leg skin will be useful where only as a waste of chicken utilization. The advantage of using edible film is to extend the shelf life of the product and not to pollute the environment because the edible film can be eaten. Previous studies have reported the utilization of edible film from soya protein isolate [6] , gelatin [7, 8] , and combination of gelatin, protein isolate and materials which have antibacterial activity [9, 10] . However, there has been little discussion about characterization of edible film from combination of soy protein isolate (SPI) and gelatin which produce from chicken leg skin. It is necessary to develop gelatin production made from chicken leg skin for making edible film and expected to overcome the problem of food decay due to the activity of Staphylococcus aureus bacteria [11] .
This study was focus on preparation of edible films in terms of comparison of SPI and gelatin concentration as a raw material that has the ability to kill bacteria. The aim of this study was characterized the morphological structure of edible film in terms of increasing the concentration of gelatin in the present of SPI through the scanning electron microscope (SEM) test, evaluating the optimum weight composition ratio of SPI:gelatin for edible film production.
The characterization and analysis of mechanical properties such as tensile strength, elongation, and antibacterial activity of the edible film were also evaluated. from traditional local market.
Preparation of gelatin from chicken leg skin
Chicken legs skin was washed with water flow then drained. The skin (300 g) was immersed in 1.5% acetic acid solution, the skin and solution ratio 1: 8 (w/v) for 3 days. After that, it washed thoroughly with dionized (DI) water until filtrate of solution reach to neutral pH. The residue of sample was extracted in 65% ethanol in a three-neck flask with ratio about 1: 2 (w/v) for 1 h. After extraction was completed, added distilled water in to mixture with ratio 1: 1 (v/v) and keep at 64 o C for 1 h, followed by washing and filtering. The extracted product was dried in an oven at 70 °C and blended and sieved to obtain gelatin powder.
Edible film preparation
Edible film was prepared by combination of SPI and gelatin in weight ratio is 1: 1, 1: 2, 1: 3, 1: 4 and 1: 5. The gelatin was dissolved in 1% w/v chitosan in acetic acid. Soy protein isolate dissolved with ethanol and each solution was stirred until homogeneous. After that the solution was mixed together and added 10% v/v glycerol with stirring rate 90 rpm at 70 o C for 45 min. The mixture was poured into a Teflon (d = 20 cm). The edible film was formed after sample was dried at 55 °C for 24 h.
Characterization
Scanning electron microscope (SEM) images of the samples were obtained by scanning electron microscope (JEOL, JSM-6500LV). The tensile strength of edible films was tested by using Lloyd's universal Testing Instrument machine. The elongation is expressed as the maximum force applied to the film.
Staphylococcus aureus grown in LB medium was employed to examine the antibacterial effect of edible film Staphylococcus aureus grown overnight at 37 o C were harvested by centrifugation and washed twice with pH 6.5 and 0.9% NaCl solution. Staphylococcus aureus solution was uniformly plated on LB nutrient agar plates. A piece of edible film was thick of diameter about 1 cm which placed on the agar plates. The plates were incubated at 37 o C for overnight. The antibacterial activity of the samples was measured based on the width of the clear zone formed around the samples.
Results and Discussion
Gelatin was produced by soaking and extraction of chicken leg skin. When it is soaked in 1.5% acetic acid, it is possible to interact between collagen fibrils with acetic acid and result in collagen protein will be swelling. During heating process, the collagen protein will be extracted into gelatin. Yield of gelatin produced from the skin of chicken leg about 40.3%. The chicken leg skin as raw material is shown in Fig.1 (a) and gelatin product can be seen in Fig.1 (b) . 
Edible film production
The edible films resulting from variation weight ratio of SPI and gelatin can be seen in Fig. 2 . Visualization test is done by placing an image below edible film. In Fig. 2 there is a clear for edible film which weight ratio 1:1 has brightest/white color; it is because the composition of SPI and gelatin is same and SPI is difficult to dissolve in the solution and not completely dissolve, so that the color of edible film produced was cloudy.
The variation of 1:5 has light transparent color; image below the edible film could be seen clearly. By increasing concentration of gelatin will give transparent color, it is because the high concentration of gelatin facilitates SPI dissolves in the solution. Prior studies that it has noted that the effect of gelatin concentration on edible film product is become transparent. High concentration of gelatin will make the edible film more transparent, homogeneous and not easily broken [12] . In addition, when the mixture of gelatin and SPI under heating condition, the gelatin is form triple helix collagen structure which able to dissolve SPI and the surface product of edible film becomes smoother [13] .
Edible film characterization
The surface of edible film was observed by SEM, it is shown in Fig.3 . It is apparent from the weight combination ratio of 1:1 shows the number of aggregates on the surface and its dense of SPI. Due to limited solvent in the mixture, SIP is not dissolving completely. Effects of this, color of edible film becomes white (Fig. 2) . From fig. 3 for composition of 1:3, SEM resulted in the lowest concentration of SPI. It means more SPI was dissolved.
In order to understand how the mechanical properties of edible film, the tensile test was performed to determine the tensile strength of samples and also measure maximum force required to break the sample. This test useful for application of edible film with high tensile strength will be able to protect the product packaged from environment [14] . The result of edible film tensile strength is presented in Fig. 4 . The tensile strength test for weight combination ratio 1:1; 1:2; 1:3; 1:4; and 1:5 were 1.20 MPa; 3.60 MPa; 4.80 MPa; 3.10 MPa; and 2.11 MPa, respectively. The most striking result to emerge from the data is that the value of tensile strength test increases with the increasing gelatin concentration, it is due to an increase concentration of collagen in gelatin [13] . However the increasing tensile strength only up to weight ratio of 1:3, for composition 1:4 and 1:5 ratio, the tensile strength were decreased. The decreasing tensile test in this composition because of reduction of intermolecular interactions so that the matrix formed will be less and also excess of gelatin composition have effects to polymerization is not maximum. The tensile strength value of an edible film is determined by the structure of the woven form and the protein content in gelatin containing collagen [15] . In addition, the tensile strength of edible film will decrease which made from soy protein isolate because there is not all SPI particles participate in the matrix film formation [16] . Gelatin has better mechanical properties than that SPI because gelatin is more flexible and elastic [17] . The results of this study show that edible film with weight composition 1:3 has highest tensile strength value about 4.80 MPa. Another research was prepared edible film using SPI and gelatin in weight ratio has tensile strength about 1.50 Mpa [12] . A strong relationship between tensile strength and elongation has been known for edible film. Elongation test for edible film is to determine the resistance of cracking and to know the flexing endurance as well as to show the maximum film length change when getting the tensile force until the film is broken compared to initial length. The elongation test can be seen in Fig. 5 . (Fig. 4) which elongation of edible film was increased up to 113.37% for weight composition of 1:3. When the gelatin concentration was increased for composition 1:4 and 1:5, the elongation was decreased to 75.52%. The decreasing value of edible film depend on structure of intermolecular the matrix, when excess of gelatin concentration, the polymerization between collagen and SPI are not optimum. The standard elongation value for edible film should more than 50% [3] . This research product as edible film is quite good mechanical properties for elongation about 113.37%. On comparison for mechanical properties of commercial wrapping plastic have value of tensile strength and elongation about 0.86 MPa and 4.8%, respectively.
The edible film was tested for antibacterial activity against the growth of Staphylococcus aureus bacteria by the agar diffusion method. Fig. 6 is shown the antibacterial activity for each composition. The antibacterial activity of edible film is shown by a clear zone around the film. If the halo zone does not appear it is assumed that there is no drag zone in the film. The result of the test is presented in Fig. 6 , weight ratio of 1:1 was gives antibacterial effects with a clear zone area about 0.3 cm. Edible film composition of 1:2 showed only a little have antibacterial effect. For composition of 1:3; 1:4; and 1:5 have no inhibit zone, this is because SPI and gelatin has no oligopeptide chain, which is suspected to have antimicrobial properties due to the presence of amino groups in the chain. Characteristics of hydrophobic amino acids will make the peptide chain become positively charged so it can enter into the bacterial membrane causing interaction between peptide chains of gelatin with bacteria surface [18] .
The existence of chitosan in the edible film have effects to the antimicrobial activity, chitosan will form a polymer membrane on the surface of Staphylococcus aureus cells that will inhibit the nutrients into the cell. This is due to the presence of amine groups in chitosan which have a cationic charge which can bind the feeding source of bacteria such as alginate, pectin, protein, and inorganic polyelectrolytes such as polyphosphates. The chitosan antibacterial activity increases with increasing chitosan molecular weight. Organisms will be inhibited when contacted directly with the active side of the chitosan film [19] . In other hand, only chitosan gel or solution form exhibits optimal biological properties, because chitosan in these form the amine group will be easily protonated [11] .
In this case, there is different concentration of gelatin containing chitosan which effect to active agent switching that acts as antibacterial. The weigth composition ratio 1:1 has more chitosan contain in the matrix of edible film and shown antimicrobial effect. 
Conclusions
Edible film can be synthesized by combination weight ratio of soy protein isolate and gelatin from chicken leg skin. The chicken leg skin as a alternative raw material for gelatin production. The optimum value base on mechanical properties of edible film in the weight ratio of SPI : gelatin is 1:3. The value of tensile strength and 
